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Motivational deficits after brain injury: effects of
bromocriptine in 1 1 patients

J H Powell, S Al-Adawi, J Morgan, R J Greenwood

Abstract
Objective-To test the hypothesis that
treatment with bromocriptine would
ameliorate deficits in clinical motivation,
responsiveness to reward, and frontal
cognitive function after brain injury.
Method-An open trial in six men and five
women who had had either traumatic
brain injury or subarachnoid haemor-
rhage between two months and five years
previously. After repeated baseline
assessments, bromocriptine was given in
gradually increasing doses. Assessments
were repeated at increasing doses, during
maintenance, and after withdrawal. Novel
structured instruments for quantifying
motivation were developed; measures of
anxiety and depression, and cognitive
tests sensitive to motivation or frontal
lobe involvement were also given.
Results-Bromocriptine treatment was
followed by improved scores on all mea-
sures other than mood. Improvement was
maintained after bromocriptine with-
drawal in eight of the patients.
Conclusion-Poor motivation in patients
with brain injury may result from dys-
function in the mesolimbic/mesocortical
dopaminergic circuitry, giving rise to
associated deficiencies in reward respon-
siveness and frontal cognitive function.

(J Neurol Neurosurg Psychiatry 1996;60:416-421)
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Of the many behavioural problems that can

follow brain injury, passivity and loss of drive
(abulia) must rank among the most pro-
foundly debilitating and intractable. A perva-
sive failure to initiate activities spontaneously
or to respond to encouragement and prompt-
ing can not only result in social alienation but
also impede rehabilitation. Behaviour modifi-
cation techniques are of documented success

in reducing the frequency of overtly disruptive
behaviours' but there is far less evidence of
their success in increasing levels of effortful
behaviour. Indeed, a recent follow up study2
has confirmed that poor psychosocial outcome
a year after brain injury is predicted by initial
impairment on cognition and energy items in
the neurobehavioural rating scale.3
By contrast, there have recently been

reports that such motivational deficits respond
well to treatment with drugs which have
dopaminergic effects.4Y10 Most of these reports

consist of anecdotal descriptions of single
cases or series of single cases, and it is not
clear, for example, whether similar unreported
cases have failed to respond to treatment.
However, in the light of growing evidence
from both animal and human research impli-
cating the mesolimbic and mesocortical
dopamine system in normal motivation, a
clear theoretical basis for the efficacy of such
treatment can be constructed, and the prelimi-
nary clinical findings therefore take on a
greater relevance.
The dopaminergic pathways implicated in

motivation originate in the ventral tegmentum,
and project to the nucleus accumbens and
medial/sulcal prefrontal cortex" 12; there are
reciprocal glutamatergic projections from the
frontal cortex to the nucleus accumbens via
the entorhinal cortex. An extensive scientific
literature suggests that dopamine release in the
nucleus accumbens or ventral tegmentum may
underlie the instantaneous experience of
pleasure elicited by potent reinforcers such as
opiate and stimulant drugs,'3 14 electrostimula-
tion,'5 16 food and water,'7 18 and sex.'8 The
nigrostriatal dopamine system may also be
implicated in rewarding brain stimulation.19
However, there is also evidence that dopamine
is released in response to aversive stimula-
tion,20 and one current view2' is that dopamine
release mediates the behavioural response to
motivationally relevant stimuli rather than the
experience of reward itself.

If organic brain injury disrupted dopamine
transmission within this system, a predictable
consequence would be a failure to respond to
normally motivating events, due either to
reduced capacity for the experience of pleasure
or to reduced ability to respond to available
rewards with the requisite behavioural output.
In either case, patients should show reduced
levels of goal directed behaviour. Consistent
with this model, impairments of effortful
behaviour do characterise several neuro-
psychiatric conditions in which there is
evidence of dysfunction in mesolimbic/
mesocortical dopamine systems-namely,
Parkinson's disease,22 negative type schizo-
phrenia,23 and major depression.24 In all three
conditions dopamine agonists have had some
success in enhancing activity levels.22 2530
Whereas the organic basis of these neuropsy-
chiatric conditions remains to some extent
speculative, there is extensive evidence that
focal lesions to the frontal cortex, innervated
by mesocortical dopamine projections, can
indeed lead to cognitive and behavioural
deficits consistent with the dopaminergic
model of motivation. Damage to the dorsolat-
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eral frontal cortex can give rise to a "pseudo-
depressive" syndrome3' characterised by pas-
sivity and flattened affect, reduced verbal
output, and a slowness to initiate or respond.
Cognitively, the frontal cortex seems to be
critically involved in "executive" functions
including the generation and monitoring of
strategic action,32 functions essential to com-
plex goal directed behaviour.
The present study was designed both to

evaluate systematically the effectiveness of
treatment with a dopamine agonist (bromo-
criptine) in alleviating poor motivation in a
consecutive series of patients with organic
brain injury, and to test predictions derived
from the theoretical model described.
Specifically, it was hypothesised that any clini-
cal improvements in effortful behaviour
should be paralleled by increasing responsive-
ness to incentives in an experimental setting,
and by improvements in indices of frontal cog-
nitive function.

Design
The study was conducted with patients receiv-
ing rehabilitation after single incident brain
injury at the Regional Neurological Rehabilita-
tion Unit (RNRU) of Homerton Hospital.
Patients identified clinically as manifesting
poor motivation, which was not obviously sec-
ondary to low mood and which resulted in
pervasive passivity both in treatment and in
their daily lives, were routinely considered for
treatment with bromocriptine, a postsynaptic
dopamine agonist with a particular affinity for
D2 receptors.
A series of 10 consecutive patients from the

RNRU, and one additional patient treated at
another hospital, all receiving bromocriptine
treatment, were assessed with identical single
case methodology. Assessments were con-
ducted twice before the start of treatment,
across a period of 14-21 days, as a repeated
baseline to establish that their functioning was
stable. Bromocriptine was then introduced,
using the regime described below, and assess-
ments were repeated after every 2-5 mg incre-
ment. If and when improvements were noted
the dose was stabilised and the assessment was
repeated one week later. If the improvement
was maintained, bromocriptine was with-
drawn and patients were reassessed on two
further occasions, after a minimum of two
weeks. Any patients whose gains reversed were
to have the drug re-introduced, with further
assessments to determine whether improve-
ments were re-instated. In the event, no
patient had a second phase of treatment, for
reasons which will become apparent.

Informed consent to the assessments was
gained on every assessment occasion, and any
tests that patients were unwilling to complete
were terminated.

DRUG REGIME
Bromocriptine is a postsynaptic dopamine
agonist with a particular affinity for D2 recep-
tors. It is widely used in the treatment of
Parkinson's disease and hyperprolacti-

naemia.3 Although it can produce nausea and
gastric symptoms in some patients, these can
in most cases be effectively ameliorated by
concurrent prescription of domperidone. It
can cause first dose or dose dependent
hypotension, and there are accordingly some
medical contraindications to its use, particu-
larly ischaemic heart disease. No patient with
such disease or a history of psychosis was
offered the treatment. While they were taking
bromocriptine, the patients' blood pressure
was monitored over the first week, and any
adverse gastric effects were noted. The starting
dose was 2-5 mg/day, and this was increased
by 2-5 mg/day per week to a maximum of 10
mg/day.
None of the 11 patients described here

showed any adverse side effects resulting
either in premature discontinuation of bromo-
criptine or additional medication. However,
one additional patient was started on bromo-
criptine but withdrew after suffering nausea on
the first day. He refused the option of restarting
with concurrent domperidone.

PATIENTS
Six men and five women participated. Their
ages ranged between 26 and 55 (mean 36)
years. Eight had sustained traumatic head
injury and three (all women) subarachnoid
haemorrhage. Neuroimaging data (usually
CT) disclosed focal right sided damage in five
patients, left sided in one, and bilateral or dif-
fuse damage in five. Focal damage to the
frontal lobes was noted in three patients. Time
elapsed since brain injury ranged between two
months and five years. For three patients it
was less than six months, for five it was
between six and 15 months, and for three it
exceeded two years.

Eight patients started bromocriptine treat-
ment while inpatients; one transferred to
another hospital midtrial but continued treat-
ment and assessments there. Two were dis-
charged immediately after bromocriptine
withdrawal, so the two postwithdrawal assess-
ments were conducted in their own homes.
The remaining three patients were treated in
the community throughout, with their general
practitioners prescribing.
Where possible, all of the measures

described below were given to all patients on
each assessment occasion. However, in some
cases certain of the tests could not be used;
reasons for this are given.

MEASURES
Assessment of motivation: therapy participation
For the eight inpatients, all of their therapists
kept a structured record of behaviour during
each session within the week of the assess-
ment:

Percentage participation index (PPI)
Therapists recorded the number of minutes
(a) of direct contact with the patient and (b)
for which they judged the patient to have been
actively participating; (b) was computed as a
percentage of (a) to give the PPI. In a related
study with 54 patients admitted to the RNRU
(Al-Adawi, Powell, and Greenwood, unpub-
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lished observations), this measure was nor-
mally distributed and had high interrater relia-
bility, with correlations of between 0-79 and
0 90 for scores given by different therapists
treating the same patient in different sessions
within the same week (P < 0-00 1 for every pair
of raters). Ratings were also very stable, with
correlations between different sessions con-
ducted by the same therapist exceeding 090
(P < 0-001).

Prompting/spontaneity-Therapists rated the
level of prompting given, with a 5 point scale
(0 = none, 4 = constant). To simplify com-
parisons with other measures, so that a low
score indicates a passive state, ratings have
been reverse keyed to index "spontaneity".

Motivation-Therapists rated patients' per-
ceived level of motivation during each session
on a 5 point scale ranging from 0 (extremely
low) to 4 (extremely high).

For each of the above indices, an average
was computed from as many as possible of the
sessions conducted within the week. The
number of treatment sessions ranged between
two and five (median three). These data were
complete across all five assessment occasions
for six patients. The remaining five patients
were living in the community at some or all of
the assessment points.

However, it was predicted that level of moti-
vation should also affect performance on cog-
nitive tasks, and administration of these was
unaffected by inpatient or outpatient status.

Responsiveness to experimental incentive: the
CARROT
The card arranging reward responsivity objec-
tive test (CARROT) was devised specially for
the present research, and measures the extent
to which patients increase their speed of per-
formance on a simple psychomotor task34 35
when offered a small financial incentive. It
involves within subject comparisons to assess
individual responsiveness to incentive.

Briefly, the subject is presented with a stack
of cards, each having five digits printed on it;
one of the digits is a 1, 2, or 3, and the cards
have to be sorted into three piles correspond-
ing to these digits. Four trials are given (Ti,
T2, T3, and T4). In TI, the patient is told to
sort a stack of 60 cards as quickly as possible.
The time taken to do this is recorded; in subse-
quent trials this individually determined time
period is given, with the patient again required
to sort as quickly as possible. TI thus both
familiarises the patient with the task and
allows subsequent trial times to be adjusted to
control for any sensory, motor, or cognitive
deficits which reduce baseline speed.

Trials(T) 2, 3, and 4 are the experimental
trials. Trials T2 and T4 are formally identical,
the patient being required simply to sort the
cards as quickly as possible within the speci-
fied time period. The average number of cards
sorted in these trials indexes non-rewarded
speed (NRSPEED). Trial T3 measures
rewarded speed (REWSPEED). The patient is
told that for every five cards sorted, he will
receive a reward of 10 pence. During the trial,
coins are placed on the table in full view

after each fifth card has been sorted.
Reward responsivity (REWRESP) consists
in any increment in REWSPEED relative
to NRSPEED-that is, REWRESP=
(REWSPEED-NRSPEED).
The CARROT has been validated both in

80 normal subjects, who showed an average
increase in sorting speed when rewarded of
about 4% (P < 0-001; Powell and Lessiter,
unpublished data), and in 54 patients with
brain injury admitted consecutively to the
RNRU (Al-Adawi et al, unpublished data).
Within the second group, REWRESP corre-
lated very highly with the indices of clinical
motivation described above.

Within the present sample, one patient was
too cognitively impaired to attempt the task at
all. A second patient was physically unable to
sort the cards. He therefore performed a sim-
ple finger tapping task instead of the card sort-
ing, with the same reward and non-reward
manipulation and instructions. Data were
therefore available on 10 patients in total.

Tests of cognitive function
Digit span36 -This was included to index

attentional span, which is likely to be partially
determined by level of motivation and effort.
Different number strings, randomly generated,
were used on each assessment occasion. Data
were available for all patients except two with
severe language impairments.

Buschke selective reminding test (BSRT37)
The BSRT was included as a test of list learn-
ing, performance on which is likely to be
affected by the level of effort and strategy
applied during both encoding and recall. As
such it should therefore be sensitive to
improvements in motivation. In the original
version, there are up to 10 learning trials.
However, in the present study, several subjects
abandoned the test early, and the index used
was therefore total score over the first three
trials (completed by all subjects apart from
two with severe language impairments).

For this repeated measures study, six differ-
ent word lists were developed and piloted on
normal subjects to ascertain that they were of
equivalent difficulty (Al-Adawi, unpublished
data). The word lists were given in fixed order.

Verbalfluency38-This was included as a well
established index of frontal lobe function
which, unlike many other such tests, can be
given in four alternate forms, thus making
repeated assessment possible. The four ver-
sions were given in fixed order in consecutive
assessments, and the sequence was repeated in
assessments after the fourth.
The two patients with severe language

deficits and one non-English speaking patient
were not assessed on this measure.

Mood state
The hospital anxiety and depression scale
(HADS39) was given on each assessment occa-
sion, to ascertain whether or not changes in
the other indices were paralleled by alterations
in anxiety and depression. These data are not
available for the non-English speaking patient
or for the two with severe language deficits.
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STATISTICAL ANALYSIS
Repeated measures analyses of variance
(ANOVAs) were conducted for each variable,
with five levels of assessment occasion
(OCCASION). Each reported ANOVA was
based on the subset of subjects with complete
data for that variable. As there were more than
two assessment occasions, Huyhn-Feldt's cor-
rection40 was applied when appropriate. In the
event that there was a significant main effect of
OCCASION, post hoc contrasts were used to
compare scores at BL1 and BL2 with each
other; MAXBROMO with BL2; and POST2
with MAXBROMO (see below for definitions
of abbreviations).

Results
All patients showed a pronounced improve-
ment in motivation at or below 10 mg doses of
bromocriptine. For two patients, the maxi-
mum dose given was 5 mg, for one it was
7.5 mg, and for eight it was 10 mg.

In the presentation of data below, scores are
presented for the following occasions: the two
baseline assessments (BL1 and BL2); the
assessment when stabilised at maximum
bromocriptine dose (MAXBROMO), which
varied for individual patients between 5 and
10 mg; and the two postwithdrawal assess-
ments (POSTI and POST2).

MOTIVATION: THERAPY PARTICIPATION
Figure 1 presents the mean % participation
index (PPI) and the motivation and spontane-
ity ratings for the six patients with complete
data. ANOVA disclosed significant main
effects of OCCASION for PPI (F(4,20) =
18-4, P < 0-001), motivation (F(4,20) =
13-0, P < 0 002), and spontaneity (F(4,20) =
10-0, P < 0-0001). For all three variables, post
hoc contrasts confirmed that there were no
significant changes across the baseline period,
nor from MAXBROMO to POST1 or POST1
to POST2. However, there were highly sig-
nificant increases from BL2 to MAXBROMO
for all three variables (PPI: F(1,5) = 72-7,
P < 0-0001; motivation: F(1,5) = 30 0,
P < 0-005; spontaneity: F(1,5) = 30 0, P <
0 005).

Case by case inspection disclosed that every

one of the eight patients on whom treatment
records were available at BL2 and
MAXBROMO showed improvements in PPI
and spontaneity ratings after the introduction
of bromocriptine; seven of eight were also
given higher motivation ratings.

REWARD RESPONSIVITY: THE CARROT
Figure 1 shows REWRESP assessed for the 10
patients with complete data. The main effect
of OCCASION was significant (F(4,36) =

20-5, P < 0X001). Post hoc contrasts con-
firmed there to be no significant change across
the baseline period, but a highly significant
increase after bromocriptine was introduced
(BL2 to MAXBROMO: F(1,9) = 55 3, P <
0-0001); indeed, all 10 patients showed an
increase in REWRESP from BL2 to
MAXBROMO. After bromocriptine with-
drawal, a non-significant decrease was fol-
lowed by recovery to a level even higher than
that achieved at MAXBROMO (POST1 to
POST2: F(1,9) = 5 4, P < 0-05).

Cognitive measures
Figure 2 presents digit span, BSRT, and ver-
bal fluency scores. Complete data were avail-
able for nine, nine, and eight patients
respectively. There were significant main
effects of OCCASION for digit span (F(4,32)
= 10-1, P < 0.001), BSRT (F(4,32) = 7 7, P
< 0 005) and verbal fluency (F(4,28) = 17-8,
P < 0o001).

Post hoc contrasts showed that over the
baseline period verbal fluency and digit span
scores remained stable, whereas BSRT scores
became slightly worse (F(1,8) = 6-9, P <
0.05). For all three variables, there were highly
significant improvements from BL2 to
MAX3ROMO (digit span: F(91,8) = 38&3,
P<0-001; BSRT: F(1,8) = 12-5, P<0-01;
and verbal fluency: F(1,7) = 35-1, P < 0-001).

* Digit span
* BSRT
o Verbal fluency

HADS-depresssion
A HADS-anxiety

307

25 H

Figure I Clinical
motivation and reward
responsivity across
assessment occasions BLI
= baseline 1; BL2 =
baseline 2; MAXBROMO
= maximum
bromocriptine dose;
POSTI = postwithdrawal
1; POST2 =
postwithdrawal 2.
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Figure 2 Cognitive test scores and mood across
assessment occasions BSRT = Buschke selective
reminding tests; BLI = baseline 1; BL2 = baseline 2;
MAXBROMO = maximum bromocriptine dose; POSTI
= postwithdrawal 1; POST2 = postwithdrawal 2.
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There were slight, non-significant, reductions
in scores on all three tests immediately after
withdrawal (MAXBROMO v POST1), but
scores recovered to close to MAXBROMO lev-
els by POST2. For BSRT scores, the improve-
ment from POSTI to POST2 was significant
(F(1,8) = 6-5, P < 0-05).

All nine of the patients assessed on digit
span and all eight assessed on verbal fluency
showed increased scores at MAXBROMO
compared with BL2. On the BSRT, seven of
nine patients likewise improved after introduc-
tion of bromocriptine, whereas only one
declined.

Mood state
Figure 2 shows HADS anxiety and depression
scores; data were complete for eight patients.
There was no significant main effect of
OCCASION for either anxiety or depression
(F(4,28) = 2-3 and 1-5 respectively).

RE-INITIATION OF BROMOCRIPTINE
When assessed for the second time post-
withdrawal (POST2), eight patients were con-
tinuing to function at or very close to the level
at which they were functioning at
MAXBROMO, on most measures. Three
patients, however, did show some decline after
bromocriptine withdrawal. One was an outpa-
tient whose gains while on bromocriptine were
the most modest of all the patients studied. His
scores on most tests fell, after withdrawal, to a
point midway between his baseline and
MAXBROMO levels, and it was not consid-
ered clinically appropriate to re-initiate bromo-
criptine. The second patient, who showed large
gains while on bromocriptine and a clear rever-
sal after withdrawal, was being treated at a dif-
ferent hospital and although clinical staff at that
site expressed the intention to restart
bromocriptine it was logistically impossible to
continue with further assessments. Finally, the
third patient, after making striking gains while
on bromocriptine, became manifestly depressed
shortly after its withdrawal. A clinical decision
was made at this point to treat her with a tradi-
tional antidepressant (fluoxetine) rather than
recommencing bromocriptine.

Discussion
The results of the present study are of both
clinical and theoretical interest. Of 11 consecu-
tive patients treated with bromocriptine for alle-
viation of abulic symptoms (for example, low
motivation, poor treatment compliance, low
levels of initiation, poor social interaction), all
11 seemed to respond favourably to a low dose
of the drug (maximum 10 mg/day) on a range
of different indices. Eight seemed to maintain
these gains when assessed on two occasions
after drug withdrawal. The patients were of
both sexes, with differing aetiology and loci of
brain injury, and the time elapsed since the
injury varied between two months and five
years. It is therefore most unlikely that the
changes simply reflected spontaneous recovery.

These results thus corroborate and
strengthen the anecdotal reports of positive

effects of dopamine agonists with similar
patients reported by others.6 8-10 However,
despite the systematicity of the methodology
and assessments used in the present study, a
major caveat in interpreting the findings is that
the treatment was not given blind. Placebo
effects are consequently possible. However, for
various reasons it seems implausible that they
account for the improvements in their entirety.

Firstly, the assessment measures were
diverse, including both ratings by therapy staff
and objective cognitive tests. The first were
made across several treatment sessions by dif-
ferent therapists; thus although such indices
may well be susceptible to the eye of faith, the
striking consensus between therapists does sug-
gest some underlying "real" improvement.
More importantly, however, the perceived
improvements did not reverse as staff antici-
pated they would when bromocriptine was
withdrawn. The counter intuitive nature of this
result is illustrated in one patient's discharge
report: ". . . it was decided to undertake a trial
of bromocriptine. In fact X did become brighter
and more spontaneous but this was maintained
even after the bromocriptine was discontinued
so ... cannot be attributed to the bromo-
criptine". This reaction is not consistent with
expectancy being the driving force behind the
sustained improvements indexed by therapist
ratings.
The cognitive tests (digit span, verbal flu-

ency, the BSRT, and the CARROT) might
potentially be influenced by both the
researcher's and patients' expectations. How-
ever, the objective methods for scoring test per-
formance in each case reduces scope for
inadvertent distortion of the data by the
researcher. Finally, whereas demand character-
istics of the treatment may directly have moti-
vated patients to perform more effortfully, it is
notable that these patients were selected (before
drug treatment) for being extremely under
responsive to other forms of encouragement
and explicit rewards.

It is clearly important that bromocriptine
treatment should be more rigorously evaluated
via a double blind, randomised, controlled trial.
Pending the outcome of such a trial, however, it
is relevant to consider the theoretical implica-
tions of the above data.
The results are consistent with those of a cor-

relational study on a series of 54 consecutive
patients admitted to the RNRU, conducted in
parallel with the present study, in which reward
responsivity on the CARROT was found to
correlate extremely highly with therapy indices
of motivation. In both studies, motivation and
reward responsivity were largely independent of
anxiety and depression, and were related to
cognitive tests thought to rely on intact frontal
lobe function. The data thus lend credence to
the model advanced here, that motivational
deficits are integrally related both to a loss of
responsiveness to normal rewards and to
impairments of frontal cognitive functions. It
was postulated that the mechanism underlying
these associations is the mesolimbic and meso-
cortical dopamine circuitry, activation of which
is thought to be involved in the initiation, plan-
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ning, and monitoring of goal directed behav-
iour. Reduced efficiency in the functioning of
this circuitry, arising either from focal structural
damage to relevant neuronal pathways or from
disruption to the synthesis, release, or metabo-
lism of dopamine itself, would impact on the
functioning of the whole system and thus have
observable effects at the three levels described.
The apparent separation between impaired

motivation and low mood is extremely interest-
ing in itself, suggesting that the apathetic com-
ponent of depression may be dissociable from
other cognitive and somatic symptoms. A clear
diagnosis of depression is often difficult in
patients with brain injury, and is sometimes
inferred from social withdrawal and lack of
drive. If, however, some patients actually have
an organic abulia with a different kind of emo-
tional counterpart-perhaps a general "flat-
ness" rather than distress-then a more direct
boost to the dopaminergic system might be the
treatment of choice.

Finally, why should the improvements in
motivation and cognitive function have unex-
pectedly persisted in eight of the 11 patients
after withdrawal of bromocriptine? On the one
hand, it may be that the effects of bromocrip-
tine outlast the half life of the drug, with
readaptation taking place over a longer period
than assessed here; such an effect is not uncom-
mon with neuroleptic treatment for psychoses,
in which relapse may occur after several months
free of medication. Alternatively, the short, low
dose treatment may effectively have "kick
started" the system back into more normal, self
sustaining, function. This could happen via
either structural adaptations or neurobehav-
ioural interactions in which increased behav-
ioural output leads to increased access to
rewarding activities, and these in turn stimulate
dopaminergic fimction. It would be interesting,
in future studies, to explore temporal relations
between changes in behaviour, cognition, and
physiological indices of central dopamine activ-
ity.
Our thanks to the therapists in the RNRU, whose active coop-
eration with data collection made this research possible; like-
wise to the staff of Northwick Park Hospital and the Royal
Hospital and Home, Putney, where two of the participating
patients were treated.
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